wild type cells with ultraviolet light or the chemtical mutagen nitrosoguanidine. None of the mutants is capable of autotrophic growth or photosynthetic carbon dioxide fixation.
The mutant strains contain normal amounts of the enzymes of the reductive pentose phosphate cycle and are qualitatively similar to the wild type in pigment composition, but are unable to carry out the Hill reaction (light induced reduction of 2,6-dichlorophenol indophenol). Isolated mutant plastids cannot photoreduce NADP with water as the electron donor but can carry out this reaction when the electron donating system is ascorbate and 2,6-dichlorophenol indophenol. Whole cells of the mutants show the light induced oxidation of cytochrome f by light reaction I but are unable to bring about cytochrome t reduction by light reaction II. The mutants appear to be blocked at or near light reaction II in the photosynthetic electron transport chain.
The mutants may represent alterations of the chloroplast genome since the mutation isolation was carried out under conditions where chloroplast viability was severely impaired. but cell viability was unaffected.
Treatment of wolhole cells of Enlglena gracilis with a variety of mutagenic agents includinig ultraviolet light (9) . nitrofurans (12) , initrosoguanidine (13) , nalidixic acid (11) . streptomycin (1/7) and many others (cf. 21 The extracts were clarified by centrifugation for 30 minutes in a refrigerated Servall centrifuge at 25,000 X g. Soluble protein was determined by the biuret method (4).
Ribulose-1,5-diP carboxylase, glyceraldehyde-3-P dehydrogenase, fructose-1,6-diP aldolase, fructose-1,6-diphosphatase (alkaline), ribose-5-P isomerase and ribulose-5-P kinase were assayed as described by Russell and Gibbs (18, 19 (14) . The instrument has 2 actinic beams and can be used to study the interaction of the 2 light reactions of the photosynthetic electron transport chain.
Results
Twenty-five pale green mutants were isolated from experiments in which wild type Euglena was treated with ultraviolet light or the chemical mutagen nitrosoguanidine. Four of these were selected for further study. Table I summarizes information about the mutant strains. Since the results were identical for each of these strains, the data presented in this paper are taken from experiments with P4, pale green mutant 4. (20 ,umoles) , EDTA (0.1 ,Amole), GSH (12.5 ,umoles) and 0.25 ,umole ribulose-1,5-diP in a total volume of 2.0 ml. The reactions were run for 10 minutes, terminated w-ith 0.5 N HCl and assayed for counits fixed. Ribose-5-P isomerase, ribulose-5-P kinase and ribulose-1,5-diP carboxylase were measured simultaneously by incubating the above reaction mixture with ATP (1 ,umole) and ribose-5-P (2 ,umoies) instead of ribulose-1,5-diP. The rates of CO., incorporation in these 2 assays were identical.
NADP dependent glyceraldehyde-3-P dehydrogenase activity was measured in the reverse direction according to the method of Wu and Racker (23) .
Fructose-1,6-diP aldolase was measured by coupling with triose-P isomerase and a-glycerol-P dehydrogenase (19 Other enzymes of the cycle including glyceraldehyde-3-P dehydrogenase (NADP dependent), fructose-1,6-diP aldolase and fruc.ose-1,6-diphosphatase were measured with mutant extracts (table II) .
The qualitative presence of ribose-5-P isomerase, ribulose-5-P kinase, transketolase, epimerase. and Since fairly subrstantial amounts of cytochrome f were detected in P4 cells, it was possible to investigate the interaction of the 2 light reactionis of photosynthesis using double-beam spectrophotometry. Figure 6 shows (15) . Figure 6B shows the effect of 19 JtM DCMI\U on the light induced clhanges in wild tvpe Eutglenia. In the presence of a very weak systemi I light, 660 nm light was unable to reduce f to any appreciable extent. This confirms the well-known effects of the herbicide on system II of the photosynthetic electroi transport chain.
The interaction of the 2 light reactionis on the state of cytochrome f oxidation in P4 is giveln in figure 6C . System I light brings about a rapid oxidation of f but system II is unable to reduce f, figure 7B .
In 
